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A  copy  of  the  existing  lead  disc  test  machine  .  was  constructed 
The  anvil  des 


ensiled  j>f  a  study  of  thqpl  faetd^s  which  were 

-  f  "■  ••  -  ‘  /  ' " jfv  ■'  •*  «' • 

ification  of  a  workable  steel  plate  dent  test. 


and  tdhiinumjsize  of  test  piece  that  could  be  used 

\  i  •  |  k  • 

The  suitability;  of 


with  no  change  to  this  machine  wa’s  determined* 
round  and  flat  bap  stock  for  use  in  fabricatih 


The  sensitivity  of’ the  test  for 
and  weak  detonators  was  investigated 


tingui shing  between  stro; 


Those  'fa 


to’  influence’  the 


ration-,  and  hardness  which  were  found' 


sensitiyity  «bf  the  test  were  evaluated  as  far  as  possible  without 


e  of | the  degree  of  correlation  between 


he  test  and  capac 


of  the  detbniitor  for  ini^^ioh^of^ipcpldfiyes'. 

A  flash  detonator  boiler  was  designed  and  • 
Reconmeiidajbion?  were  made  as  a  '  result  of  ti 
investigations  which  were  intended  to  serve  as  ; 

*  ■>  ?  ■ ..  v.”  i  v  ■ .  •  •  v  if  /. 

a.  more  extensive  evaluation  of  the  steel  plate  i 


le  preliir.i 


CONCLUSIONS 


An  iariyil i . steel  test  piece  (rb\m<i  or  square),  detonator  holder,  ap< 
firing  pin  can  be  simply  centered  in  the  existing  MK-136-0  lead 


disc;  test  machine 


The  overall  dimensions  of  the  test  pieces .haying  a  diameter  Or 

-s  v  '  •  ..  •  ■  •;  .*  •'  i 

;  -  '•*.  r‘:  v  ’;•••  '•  •  •  'v-  *  «.*“  •  •  .  '  /  '■  . 

diagonal-  of  1.21?  inches  and.  .thickness  greater  than  3^8"  were  not 


;  .  distorted  When  dented  by  lAK— 22— 0 detonators;.  •  V  • 

v*  V  •  (  ......  -  ••  v  :  $  ''  y.: .  .  ■  '■  ’  s 

3*  In.  rodnd'  stock,  f  iring  is  parallel  with  the  fiber  while  ..in  .flat 

*  •  ^ *  *■--  ;  A.  ..  .  •  * 
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bar  stock. firing  is  logically' perpendicular  to  /the .Tiber. 

•  ’  r-  -  *  V  ;  .  i 

-i0l6  cold  rolled  steei  holds 
•dness  uni/ormity.  "  The  most 


i.'either  round  nor  flat. bar-  stock  ■  t>f 


;imncfetant  factor  to  consider  in 


hoice  of  a  round  or  square 


test  niece  isythe.  cost  of-  manufactu; 


5<i;./.«The‘  correlation,  between  dent  dep 


d  hardness  is  much  better 


r,  at  the  center .  of  the  fear 


when  firing  is,>->arAllel’-.Ti 


used  as  correlating  variable 


and  cente 


hardness 


.Culah  to  the  fiber  and;  either-  surface 


than  whep  firing  is  nerpe: 

!  -  **’  •  A  , 

hardhess  or  cente rnardne 


is- used  as  the  correlating  -variable* 


£>.*,  Only  dents  produced  by  de 

• •  •» ■  '*■*'.  f'*'\  . *  •  •,  . 

can  be  compared  in  formini 


•nators  having  equal  Casin' 


7.  For  steel  test  pieces  lying  within  the  Rockwell  B  hardness  range 


of  80  to  90  the  rejection 

a  dent  depth  of  lb. h  mils  on  a  flat  ground > surf ace  would  result  m 

^  ?*•  *'*  ’.  V  J  •  V: '  ^  ^  ■ -.'*N  -^v 

in  rejection  of  around  5? -of  tn^  detonators  knewn  to  be  at  100$ 
full  .strength  anq>around  95$  of ;  thy  detonators  know  to  be  at  ^ 
5Q$  of  full  charge. _ -  *-  : ■ 


>f  all  ;iK-22-0  detonators  not  producing 


V.. 


8*  The  data  and  results  indicate  that  the  capacity  of  the  s^teel 
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plate  dent  test  forjdistip^uishing  between  >]ffiC«2fc-0*  detonators 

haring  10055  end  those  having  Q$%  or  t%  of  te.tryl  present -in  a 

,  "•  '  .  •  ••  ..  ;  -■  *  •  •.  >.  /  ;  3  *  | 

;  full  charge,  is  poor  when  cosunercialiy  available  C-lOlS  cold  ,  v 
led  steel "is  used  for  the  test  piece  without  ary  specification 


:  t. 


of  hardness  range. 
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/•  the  J&-22-Q  stab  and  flash  detonators  cannot  be  compared  to  form 
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■  ;the  tasis  of  a  rejection  test.  T^at  is,  the  dent  depth  depends 
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1.  It  is  recommended-  that"the  test  piece  thickness  be  fixed  at  0.62$ 


#  . 


I  (+  Q**- 0.100)  inches.  •»  ’  "  *  ;  ’  -  ' 

•  '  ’  •”  , 

2»  It  is  recommended  that  the  test  surface  of  the  piece  and  "the 

0  •  ■  ■  -v  ‘  *  *  -  *  - \  «. 

‘  •  .  *  •  •  •  «  .*  .  -  .  :£6-  '  .  ;  ' 

opposite  surface  be  ground  smooth*  -  J  *  . 

.3*  It  is  reo  ansae  nded  that  test  pieces  be  cut  f ro«  C-10l8^cold  drawn 
V  round  stock  having  a  .maximum  center  hardhess  of  89  Rockwell  B. 

/  -  V  '•  ''S  *T  .*  .  •  ,  *.%  • 

•  •  ,  .  ;*♦  ••• 

••  *  After  operation  of  the  test' with  these  test  pieces^  should  it  be 

'  ‘  '  ,•  ;  •  •-  ,  ;  ■  .  i  ■  v.  ,  •  r--  -  y  x  -  '  >',/  ■  / 

■•••'  fovmd  necessary  to  increase  the -sensitivity  pf  the  test,  it  is 
•  **  recommended  that  the  tolerable  hardiness  range.. in  a, test  piece  be- 
,  reduced  to  81  thru  85*  This,  however,  will  require  .rejection  of 
many  conmercial  bags  of  steel,  or  the  use  of  .special  annealed 

•  .  /•  ;-  “  v  ^  '  ;  *  .  ‘  -  •  •  ‘  : 

.  .  steels.  *  .  ;  *  v. 
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It*  Although  it- cannot  be  recommended  at  thls^fime,  experience  may  , 
prpve  that  it  is.  possible  to  distinguish  strong  and  we?k  'tetqna- 
V  '  tors,  satisf aetorily  without  preparing the  test  specimen  £y  surface 
grinding#  ^Ia  such  a  case;  test  pieces  of  flat  bar  stock  rduid’be 
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logioaiiy  used.  .  Such  t#st  pieces  are  readily  adapted  to  >  * 


V,  Work  would  be  required,. on' correlating  the  .capacity '  of  'a  >  *: 

t  •  y..-;  V- 


dent  teilt 
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I  when  using  an  "as  received” .  mfll  surface  of  the  test  piece  before 


I* 


any  conclusions  or 
.  -Couid  be  made. 
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a- test  pii 
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a.  necessary;  tet  de^efaine  a^  ? 
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. ;  ynd^LfW  of  detoriator  to-be  testei,  •  Tld-s  .value  could  be  obtained  : 
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•;  y  let  firing  detonators  haring  100$  and  50*  of  full  charge  on  steels 
.  haring  hardn®ss  at  each  end  of  the  tolerable  harness  range.'  Frca  - 
c  t*8*®  ^  a  dent  depth  can  be  set  which  will  reject  •both  a  certain 
percentage  of  100$  detonators  and  the  desired  percentage  of  50$ 

-  .detonators.  It  would  be  expedient  to  choose  a  critical  value  of 

■  •  i  \  ■ 

dent  depth  from  only  the  filing  of  detonators  •knorm  to  have  100$  \ 

of  charge.^  The  test  would  then  be  operated  using  a^ijfiticel  value' 
of  dent  depth  which  is  exceeded  bv  100$,  9 9%  dr  the  100$  i 

detonators.  In  any  case  the.  correlation  between  the  steel  piste 
dent  test  and  capacity  of  the  detonator  to  initiate  explosives  '  ■"* 


nust  be  determined. 


,  ^  ■'  •  *  j*'  i  ^ 

6.  Th^  flash- detonator  holdet  shewn  in  Figure  16  is!  recommended  fo-r 

-  !  ....  .  '*  +-  ;  •  • 

n!M  vri  t.W  fh.  i  e»  J  Jj  _  m  -  ...  r 


use  with  the  anvils  described  An  Table  VH  in  the  Resting 
detonators,  **'  .  j  \ 


of  flash 


X  •  * 

'  % 


I.  inTFtrDUCTION  ‘ 


/  ;  • 


L  i 


A.  Objective 

■  ‘ '  •  •  *  *  ‘  r  ■  .  .* 

/This  research  is  a  study  of  the  factors  leadihjTto  the  engineering 

"jp  «  v-  «  •  ...  * 

^nd  packaging  "of  a  "Steel  Plate  Dent  Test**  that  will.  be  applicable  to 

.  \  ‘  '  ;  ‘  •  ’  *.  •'  ♦  V  - 

the  production  .testing  of  Navr  Service  detonators. 

3.  Background  •  \  •  •  ,  . 

’  .»  .  -  \  I  -/(- 

.  At  present,  Lavy  Service  detonators ‘are  tested  cn  the  Mark  136  * 

•Detonator  Tert  Set.  The  strength  of -the  detonator  is  judged  by'  the 

>  ....  *.  ■' 

area  of  the  hole  blpwn  in  a  thin  disc  of  lead,  This  testyis^onsidered 
unsatisfactory  because  (aj.  fcif'  correlation  between  the  area  of- the  hole  . 
in  the  disc,  and  the  ability  of  the  detonator  to  initiate  a  high  px-  . 

.  •  •'*  •  •  v  -  .  •  •  #.  * 

•  •  -  ’  •%  •  i  '  /  * 

plosiveHs  not  as  pood  as  desired  and  is  also’ not  sound  from  a 

•  ,’1  v'' •  n  ‘  *  •  •  - 

.  •  -  '  >  •  • 

theoretical  no'int  of  view;  and  (b)  it  is  not  capable  of  testing  a 

ride  enough  range  of  sizes  of  detonators.  rith  large  detonators,  a  . 

\i 

.hole  blown  in  the  disc’,  while  the  smaller  types  of  detonator  day  . 

‘  9  .  .  *•  -*  «  i  *  1 

*  *  • 

ne rely  deform  tne  disc  without  rapturing  it.  A  thinner  disc,  on  .the 
r  ‘  '  •’  •- 

r-bher  hand,  rai.:ht  not  discriminate  satisfactorily  between  good  and  '. 


bad  detonators  of  a  larger  size.  ' 


It  was  postulated  by  staff  members  of  the  Naval  Ordnance 


.v .  . 


Laboratory  that  because  lead  is  soft  and  easily  deformed,  a  detona- 

...  ,  .  '  V*.  ■■  .‘  .  .  \  :  '  . 

tion  wpich  exerted  a  (relatively)  low  pressure  oyer  a  (relatively) 


lent:; 


interval:  could  rupture  a  lead  disc,  yet  the  Same  detona- 


tioh  might  _not  initiate  ’a  riven  high  explosive,  whereas  a  8etehator  1 » 

..  ■  -  1  V  '  •  Vv.  >  ■  !•-  ';/ 

exerting  a  higher  average  pressure  for  a  shorter  time  'might  produce 

■- i 

the  some  ruptured  area  in  lead  and -also  initiate  the  high  explosive 

•  ■  ...  •  ■  :  ■  ’  r  •■■  ■  '  'X\'h  -s  •.  '  v* .  -  .  ■ ...  - 

in  question.  This  hypothesis  could  explain  the  poor  correlation 
/previously  mentioned. It  was  believed,'  therefore,  that  a' metal  *  ' 


having  a  considerably  higher  yield  stress  than  lead  wwild  show  dents 


*  * 


:  .in  thick  sections,  the  depth  of  which  (a  measure  of  the  work -of  deforma- 
tioc),  might  correlate  more  closely  with  initiation  ability  than  do  lead 

disc  rupture' areas*  Furthermore,  such  a  iesi  might  be* able  to  cover  a 

-  •  *  •  .  •’  ’.a  5  V  '  '  *  ■  '  '  ■*  ■. 

wide,  range  of  sizes  of  detonators. 

Subsequently,  experimental  results  obtained  at  the  Naval  Ordnance 
;  Laboratory  on  the  cold- rolled  surface .  of  Hat  steel  bar  stock  confirmed 
the  predictions  o£  this  hypothesis.  A  good  correlation  between  depth  ^ 

'a  A  ‘  *  .  .'*•  *  *  •  l 

of  dent  and  initiation  ability  was  shewn  to  exist.  *n  empirical  equation 
which  expressed  the  relation  shi^of  the  dent  rteoth  and  the  .steel  hardness 

wa&  also  developed  at  NOL- using  a  range  of  types  of  Steel.  ,  ,  . 

■  •'  /-V'  ‘  .  •  •  »  '  •' 

At  the  -cutset  of  this  research  program,  the  status  of  the  !'*>teel 


Plate  Dent  Test"  appeared  to  be  as  follows: 

•;  .  • .  '•  *  ■  - 

I  (1)  The  test  seemed  superior  to  the  lee^di 
_tion  of  detonator  quality. 


sc  test  for  the  evalua- 

►  ’  ■ 


(2)  It  was  desired  that  a  new  test  be  designed  which  vuuld  be  suitable 
;  for  routine  production  testing  of  detonators  by  naval  -Inspectors. 

‘j  In  place  of  the  measurement  of  the  ruptured  ar»j  of  the  lead  disc 

there  was  to  ,be.  substituted  measurement  of  the  depth  of  the  dent 
produced  in  a  steel  test  piece.  \/\  .  * 

(3)  It  was  believed  that  SAE  1020  cold-finished  steel  had  suitable 
physical  nroperties  for  the  purpose  of  the  new  test..  This  ; 

"  material  is  cheap, V  non-criticAl ,  and  readily  available. 

(U)  i  At  VOL  dent,  testsokd  been  carried  out  on  the  rolled  surface 
of  flat  bar  stock  approximately  inch  -thick.  :  V/hat  effect 
factors"  such  as  piece  ^oemetiy  (thickness,  width  or  diameter) 
and  method  of  fabrication  might  have*  were  not  definitely  known..  , 

;  ‘  Nor  was  it  clear  whether  round  stock  would  be  tao*e  or  les§  a 

.  suitable  than  flat  stock,  ^he* round  Shape  is  more  directly 
Adaptable  to  the  existing  MK -136-0  test  apparatus.  .  Possible 
disadvantages  would  be  inhdmogeneity  6f  round  sections  such  as 
..  "piping”,  inclusions/  trapped  gas  holes,  Kardnesss variations 
along,  the  radius,  etc.  .Because  of  -  the  known  effects  of  hardness  , 
oh  dent  depth,  the  uniformity  of  the  test  surface  is  of  greater  ~ 
importance  than  the  type  Of  fabrication  or  the  shape  of  test 
y/tc : '•< iNftiiiniwI V"''v  ,.: 


•  •  •  ..  i.  ’  •  •-  ' 


'  -  \  V.  V 

•fr 


•  r„  V 


'•  "  'a'  h.*  K'i.’.n. '  ■_  ‘ 


'•  '  s:-:v  : 


In  order  to  design  a* suitable  production  test  for  detonator®,  it  is 

,  *  ■  , 

necessary' to  show  .that  the  proposed  method  (a)  gives  measurably  different 


results  with  good  and  bad  detonators,  (b)  is  rapid  and  simple  in  operation 
arid  \c)  is  reproducible*  the  "Steel  Plate  Dent  Test1?  as  developed  at  NOL 


appeared  to  meet  these  .requirements.  It  was  decided  however  that  expert' 
Mental  investigation  was  necessary,  to  evaluate  the  following  factors 


which  would  be  important  in  the  specification  of^a  workable  packaged' 


1.  ’The  range  of  sizes  of  detonators  that  could  be‘  evaluated  by., 

this  test.-  •  r.  :  . 

2.  The  suitability  of  rouhri  stock  for- fabrication  of  test  pieces 


be  used  With  minimum  charges  to  the. existing  lead  disc  test 


machines.’  •/  ■'  • 

L  •  '  ’  ,  .  '  i 

1*.  The  sensitivity* of  the  test  for  diitin.niishing  between  good-- 

j .  '  v  ‘  l  v  _  ^  ‘  ’  *'  .‘./I;.*-  ‘ 

'  .  and  bad  detonators.  .  ■> ' 

•.  \  J.  .  ’  W  m  '  ■■  ’■  ' ;  =‘  - 

5.  The  design,  of  plastic  detonator  holder  for  evaluation  of  flash 


‘  detonators.  ..  ^  _ 

A. 'teat  apparatus  was  constructed  following  the  plarrfof  the  Ilartt  l36 
iodel  0  test  set  bat  Substituting  a  fixed-weignt  drop  nechaniftou  Before 

construction  of.  this  apparatus  was  complete,  the  MK-56-0  stab  detonator  f 

jpv*,.  ;  ji  ■  ’  "  v..  ’  ■. .f 

(  ^^^akerst  stab  .detonator  which  was  .  investigated)  was* fined  pn  5/8  inch 

thick  5AE  1020  ateel.,bar  stock,  using  the  detonator  test  set  in  ^ration 


NOL*  ‘The  results ^showed  that  these  detonators  gave  dents  nearly  as 
io  as  the  ,MK-22-<5  (one  of.  the  strongest),  thus  shoving  that  the  stee] 

:  •  !  • '  Cl  .  '  i 

‘  .  •' *  ■*  . .  • ,  *  :•*  *  ;  ‘  ! 

itvjtest  responded  to^the  necessary  range* 

.The  suitability  of  round  stock  was  evaluated  from  studies,  on  hooo- 


ieity  of  the  stock  and  the  effect  of  hardness  on  the  dent  test*  Thi 


fpct  of  geometry  of  the-  test  piece  was  evaluatedby ,  firing  a  number 
detonators  ;oo  pieces  of  various  thickn^s^s.  The  data  from  these, 

A  '  .  * 

factors  affecting 

■  ‘  ' 

•! '  v-  ■ 

s  size,  shape,  uniformity  and  localization  of  the! dept. 

»  ■'  ,  «,•  *'*.,*  - ' 

A  plastic  holder  for  flash  detonators  was  designed .and  tested  in 
ler  that* flash  detonators  could  be  tested  with  the  same  apparatus. 


sts  werSj  used  to  determine  and  ’evaluate  releva 


ra  the  foregoing  the  specifications  of  the  test  piece,  anvil  and 


Stic  holder  could  .be, derived.  •  •  •  - 

The  sensitivity  of" the  test  for  distinguishing  between  good  and  ba< 


.onators  was  determined  by  firing  five  groups  of  MK-22-0  type  detonators 


:h  grcup  containing  a  different  weir  hi  of  tetryl , ,  From  these  tests 


capacity  of  the  steel  plate  dent  test  to  distinguish  between  detona¬ 


tors  of  various  strengths  but  having  the  same  casing  diameter  was 


determined 


'  Sj,?  ’ 


11 ,  PROCEDURE^ 


A.  Test  Uachihe 


A  test  machine  was  constructed, f rom  drawings  supplied  by  the  Naval 
Ordnance  Laboratory,':  The  ball  drop  was  fixed, at  20  inches  and  ball 
weight  at  2  ounces.  All  results  reported  in  this  report  were  obtained 

on  this  machine  with  the  exceotion  of  tests  on  bar  stock  reported  in 

•V  N  ••  ,  ... 

■  Table -ly  which  were  made  .  ;t  th|  /.aval1  Ordnance  laboratory*  * 

3,v  Anvil 

1.  Anvils  for  Testing) Stab  Detonators 

~  t  •.  .  .  ..  .  /  ;  ;  . 

Special  anvils  were  machined  from  a  vanadiun  tool  steel  and  . 

*  *  v  1  V  .•  .*  # 

hardened  to  60  Rockwell  C,  One  anvil  was  constructed  so  that  the; face 

‘  ‘  ‘  ’  •  '  ,  .H  .  *  •  <  *  •  ; 

on  which  the  test  piece  is. placed  was  recessed  1/16"  into  the  anvil  , 

'  ’  '  '  -  . '  '•  '  ■  •  •'  ‘  . 

surface  to  provide  a  means  for«cehterlng  the  piece-  It  was  one  solid. 


piece  of  steel 


no  holes  as  does  the  anvil  used  in  the  lead 


!'  .  disc  test.  The  other  anvil  "had  the  dimensions  specified  for  the-lead 

j;  ■  (  .  L;  J'  1  7sv 

1 :  '  disc  testL  but  also  without  holes,  A  sketclr  of  the  cross  section  of  ' 

1  "  \  •  '  :  • 

|  the  anvil  with  the  recessed  face  for  the  steel  dent  test  is  sHbwn  in, 

L'  Figure  1.  ’  ‘  :  f  j.  •’  i- 

”  V*  '  ’  y  f  ■.  ^  • 

The  height  qf  the  anvil  was  so  determined  that  when  a  5/8" 

■f  •,  t.liek  test  piece  was  placed  on  the  arvll,  the;  surface  of  the  steel  test 


piece  Pas  at  the  s 


:V  ■■ :  1  >• .  ■  1  v  ■  . 

it  relative  to  the  machine  as  was  the  lead 


dlsc’  in  ttfB  lead  disc  test.  Then  teit  pieces  of  less  than  5/8*  in 


thickness  were  used,  specially  machined 


were  placed 


beneath  the  anvil  so  that  the  height  of  the  test,  piece',  was  not  changed 

.  ,  ..  w  -  ^  -  v ,  A  v>-  Vt  ;• 

relative  to  the  machine.  v.  ' 


■m 


2,  Anvils  for  Testing  Flash  Detinators 


,V.  ,  .  *  i.- 

r  •••  ■<- 


./  V  "‘■•"a- 


-8- 


r  Because  the  plastic  detonator  Holder  for  flash  detonators  differs- 

■  ,  i  .*  .  '•  * 4 

from  that  of  stab  detonators,  it  was  necessary  to  machine  a  special  anvil 
for 'flash  detonators.  This 'anvil  differed  from  that  shov/n  in  Fig.  l<‘for  _ y 

.  *  %  '  i  .  • 

stab  detonators  only  in  the  overall  hqight  dimension,  which  was  i-l/8  instead 
of  1-13/16  .inches.  The  centering  discs  described  Sbove  were  used  to  adjust’ 

.*  4  '  V  r  ,  ,  ..  , 

the  height  of  the  anvil:  when  plastic  detonator  holders  of  differert  size 
were  used,  -  The  height  of  the  ton  of  the  holder  was  maintained  constant. 

This  is  discussed  in  more  detail  in  Section  V. 

C,  Test  Pieces  1  '  .\ 

Test-  pieces  were  machined  from  either  round  or  flat  bar  stock  so  that 

■  *  .  '  <1 

the  niece  would  l  it  .snugly*  into  the  recess,  in  the  anvil.  The  anvil,  test 

e  .  .  .  .  x  t  »  '  — 

riece,  detonator  holder  and  firing  pin  assembly  are  shown  in  Figures  2  and 

3. 

.  •  *  /  •  •  *  •  * 

■  . 0  % 

.  Round  test  pieces  had_  a  1.217”-  -diameter,-  whereas  nieces  out  from  -flat — 

'  *  t  *  ’  -  "7  , 

,  bar.  stock*  we  re  squares  with  a  diagonal  of  1*217"  and  side  of  0.862".  The. 

,  '  '  •  - '  •  S  •  - 

,  0  *  •  .  -  *,  .  •  . 

.round  pieces  were  ground  smooth  on  opposite  sides  for  ease  in  measuring 
dent  depths.  Some  bar  stock  was  ground' and'  pieces  which  'were  ground. are-  • 
so  specified  in  the  data-  and  results.  Surfac.e  grinding  is  a  variable  which 


.  «? ■  xS  discussed  in  Section  IV* 


Surface  grinding  was  done  with  an  8"  x  }/h"  V  I-I/I4",  32Aili-J5VBF 


7  7  lundm  wheel  manufactured  by  the  Norton  Refractories  Company.  x 


D.  Detonators 


♦Detonators  used  in  all  tests  were  apprised  by  Naval  Ordnance  Laboratory 
£,  Denting  of  the  Test  Piece  ■  -  ■  i  ' .  1  •  '  ' 


The  procedure  for  denting  the  steel  test  niece  is  essentially  that  now 


-.’used  for  testing  detonators  with  the  leBd  disc  .test.  •  Briefly,  the  procedure 

7  '*  /  /  ‘  ■  '  .  V-  • .  . 


a s  follows 


“(41  -Anvil  is  inserted'lntc. the  machine 


(?)  A  plastic  detonator  holder  is  sealed  'eft,  the  bottom  vdth 


})■'  A. detonator. is  i uborted-intp  the". plastic  holder 


( • «';)  rTto  assembled  test  piece,  'clastic,  holder  and  detonator  are  nlaced' 


[he  recessed  face  of  the  anvil 


The  .assembly  ^  at; this  point- 
!  nature  of  construction  of 


cf . the  procedure  i 


the  chamber  'containing 


firinp  cin  inserted  -into  the  plastic  holdeY 


(6)  'Tne  bl’T  is  nlaced  on  the  electromagnet  20.  inches  above  the 


A. 'safety,  depr  is  closed  and  the  ball.,  is  dropped 


iea  cu  cement ,  of  Pent  Denth 


The  dee th  of  .a  dent"  was  measured  to  the  nearest  0*1  nfil'  wi'th’Av depth 

.  .•  '  ....  -J,A  jP  .,p‘  ■  .  v 

vage,  r taper  contact  point*  3/l6" diameter  and having  a  contact  radius 


hf  (>*(j3i'!pwas.  u serf  in  all  depth  ^asurements,  The  -depthL  recorded  was;  -the 

•y  ■:  y  .*  . y  -~  .  •  '*  r.".  •  **  '  ;  '  •  •  ?i  ••  .<  I  ;* 

virg/st  found  try  a  quick  exploration  of  the  dent  with  this  probe. 

measurement  of  Jiacdness  •  :-T  >  -V.  ;  ’  '  A. 

r  r"  V.'  *  m  p  :  p.-  ; 

. hardness  was  measured  byiaoeani  Of  a  Rockwell  hardness  testing  joaipp^tni 

*  '  .*•  •  (0  '•  4,  -  *’  *  •  |  *  •  .  •  '■  ^  ^  r  ’*  **  * 

bf.Psamt-ies  of  steel  out  .from  the  same  bar  as  the  teat  pieces.  Frb®  the  si# 


ianufactured1  by  .‘Federal  Products  Qorp 


data- the*  avera{»<fe  center  air!  surface  hardness  of  the  test  piece  were  determined 
7For  round  stock,  the  measurement  ef.  hardness  at  any  point  other  thin -the  - 


center  would  have  doubtful  .significance*  because  of  the  wide  variation,  of 

■  •  V  .  .»  .  ■'  * 

;  .A  •  '  •  •  ~~  . 

hardness  readings  oyer  ttrti  cross  sectional  area.  For  samples  cut  from  .bar 


stock,,  hardness  readings  at  points  on  the  center  line  of  the  rolled  surface' 

■  *■'.  *  •  '•  '■  ■'  V-  . 

•  -  .•  .  %  •  •  •  •  ■  -s  *  .v-  • 

were  taken  for  each  piece,  and  jthese  averaged  to  give  the  piece  hardness.' 

^  : 

The  hardness  of*  nieces  cut  from  the  same ¥bar/.ir ere  averaged, to  give  a  group 

vl'ardness  when  a  single  value  of  hardness  wasTTlSed- as  a  cftrrelating  variable 


io.  ul  Pirate-  criterion  ft  r  detfrtahipgvt.be  syitatiflity.  oC  a.  te^t  piece 

• .  ;.h.\.  •  /•"•"  v'5'  *,Y  :  v 

■  s-Wel  plate- deiitf4#i(fe  is  the  iinif^xyiity- cf  tlie  pent- produced,  by  *•• 


a  Pt4nda rd tdeto ia  to  ron  test  pipces  of  a  giyenhardhess*  y  -!  ■  > 

•  “i.  IV  ^ou'ld  be  ejected  that  -the^enroducihl  11  ty  of  dent  -deoth  would 

••  -v.  j  •:■  .  -v-.  . '  '  .  • ...  C.  .  .  >  ‘  *  -. 

eoend-.on  similarity' of  c-tbe  test- pi  dees  rather  than- uniformity  of  th?. steel 


tl-jou  bout.  -For  ejcdmile,  it  kpi<ld  be.- expected  that  a  round  test  piece' that 


syas  harjj^-r' ,at  the- center  than  at  the  edges  -would  be.  j.ust  ah "Suit able  as 

,Uv'h‘*’ ■•••'.  .'-'V  O'.  .  .  .'  .v  Y  ■  :»  .  *  ■'  ‘ .. 

a  'tiec.  uniform  t,.rou”h6ut,  so.  Ion*,  as  an  identical  Piece  Mas  used  each  • 

•'Yjfc  ••  1  i<  :  ■■■  ■  -  -  -  .  .*•  ’•  • 

^  ‘  t\ -jf  *  w -.V"  '  Y  .  • i.  ■  .*•  *  **;,♦  ■_  /. 

iiueY  >The  jdent  depth  for.  such  a  noii-uhif0.nr>  piece  mint.  Be«dorrelated  with 

be  reaninrful  the.  .-ame  .type  of  correlation,  nwst  al<  6  be  presumed  to  eidLbfc 
■arl  bp  determined  for-  a’. niece  having  no  change  in  properties  with  direction 

,  Y‘;Y'  ■ ' . :  „Y  Y  :  ;•  '..•••  nY" Xr.  ’■  •  V- •  '•  • . 

The  .difficult^  in  adapting  to  the -test -apparatus  a  piece  having  directional 

j'j  -  •  ;  . jf  •••  “--v  V'  .  -  •  •  '  *  ■'  :  ’  ’  "  '  }  V* 

properties  is'thatof  procnreir^it  of  large  numbers  of  identical  pieces.  • 

S' .  y-  ’’  -.r^  S":\ ..  •/ 

:X  'hainogeneous  piece  h&s  th8  Special  advantage  ir,  that  the  Imrdness  of  til© 
Steel  around  the  area  po  pe  dented  i$ ^obtained  *  from  a  liardnes?  measurement 

*  •-  .  y'  •  .9  .  •*'  *  -.-  r'  ,r»  •*  .  A..-V  *  .  ■  .  •  :  t  •  .  .  •  r.- •  .  .  '•  .  ... 

anywhere  on  the  .piece*  Furthermore,,  the  hapdpftss  distribution  is  not 

variable,’-'.,  v  rJ-:iXy  1  '■.Y-;;' -A-  AA:rY 

;  '  Results  of  testb  raade.with  flit  ?/8"-  bars  Woe'*  2Q  ahcl^JO.are^ivenY 

*  :*;•.*  *  •  •'-i  "  '  .  •;*..>  *,/-  ;•  •  •  y-«  ^  'r'/V' 

below.  Both  bars  had  a  surface  hardness  of  82jl  but'  dif ‘'erent  center-  ./ 

V  f\\:- v  •  .V--  .-A:  ^  ^ 

apparent 


e  ef fe^df  the  different,  hardness  gradients  i 


hardness 

from  the'  cons  iderable  difference  infddnt'de^i.  .  *  [ ' 

,r' '  "  A'.  •; "  ’-A  - '  .  v'  Thble  I  '  ,  :  -  r  - 

■>:  - ' '  ,  '  Effect  pf  Hardness  CradienV  on  Dent;  Heptjff 

Bar  Np*  t  >■  Surface  Hardness  -  YA-;C«iti|^  'HSrdness..  ^ 


(average  ot'&faF- 


/ 


X 
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The  detonators  and  preparation  of  both  grouns  of  test  pieces  were  the' same. 
‘The  standard  deviation  of  the  detonator? ‘was  0,6  mils,  making  this  difference 
in  dent  depths  statistically  significant  at  the  li  level  by  the  statistical. 


test. 


it^rodt 


Only  if  the  e~th  of  the  dent|)roduced  ..verc  not  very  sensitive  to  the 

niece  hardness  would  the  non-uniformity  of  the  piece  with  respect  to 

• '  >  *  % 

■"  hardness  become  insignificant.  Otherwise  a  correction  fr^p  hardness-dent 

.  ..  ;  /  • 

depth  correlations- must  be  applied.  Any. lack  of  control  over  hardness  or 

homogeneity  effectively  reduces  the  sensitivity  of  the  test  for  iis- 

'  '  .  J  ‘  •  .  . 

tinguishinp  detdr^.tors  of  various' strengths, 

'  '  e  *  . 

i  •  .  •  .  .  ’  •  ,  *4 

.The  above  considerations  indicated  that  thu  f oilowinr  •  items  should  be 

,  •  ■■  • 

•  ^  investigated  in  brder  to  arrive  at  conC.l  isiors  as  to  fha  suitability  of 


round  stock  for  the  steel  nlate  dent  test: 

'  f  '  . 

(1)  Uniformity  of  round  and  bah  stock  over 


•  ».  , 

■?  •• 

transverse-  cro 


:ross  section 


from  niece  to  piece. 


(2)  Effect  of  any  non-uniform  or  directional  r rone rties^^,  the  * 

uniformity  of  $eet  produced.  s 

...  (3)  The  effect  of  hardness  on  dent  deoth  ,  ' 

v  ^  .  f|  ■  •'  *  *  * 

B.  Uniformity  of  hound  Otock  4  * 

.  *'  •  ;  .  «  »  /  N 

(1)  Unifpnnit;r  from  bar  to  bar' of  round 'Stock 

The  data  obtained  from- hardness  traverses  of  round  stock  art' 
given  in ’fable  /II  of r the  appendix.  The  harness  traverses  for  various 
round  Bars  are  plotted  in  Figure  h.  This*  fx,  u re  shows  that  for  the  round 
bars  of  ,1018  cold  rolled  steel  investigated  the  center  Hardness  varied  _ 
from  80  to  90  and  the* edge  hardness’ from  82  toi92.  Figure  $  shois  hardness 
traverses  for  3  bars  of  rourid’^tock  1-1/2  inches  in  diameter.  Thu^,  even 

,  "  *"  .  '  V 

when  the  diameter  off  the  round  is  the  same, -a  considerable  variation  in 


4-_- 


!■  '<  •  I 
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cent.er  hardness  fro®  bar  -o  bar  was  found.  These  results*  indicate  that 
in  order  for  round  stock  tip  be  suitable  for  the  test  piece*  the  effect 
of  hardness  variation  over  the  range  of  80-90  Rockwell  d  must  prove  to  be 


tolerated. 


range  can  be 

'i  -* 

Ln  rpund  bar 

ib^e  XII  of  th 

e 

* 

>ly  for  pieces 

.0 

cut 

5 s  section,  as’ 

well 

indicates  tha 

* 

rill  yield  ide 

itical 

iable  were  12 

inches 

.  _lon~  '-n\  th  the  excentipo  of  Bar  16, ,  which-was  three  feet  Long. 

’  ‘  (3)‘  The  Effect  of  hardness  is  discussed  in  Pa.ra^rapii’.F  of  this  section,. 

(t  .'Directional  Prone rties  of  Round  Stock  * 

A*- — - — ‘ —  .  . .  .  ... 

.  \  Any  piping  present  in  any  of  the’rouhd  stock  examined  Was  not  detectable 

/  ■  V  '.i  •  .  -  ..  .  ...  ’  -Vi 

by  inspection  of  nvacroetched  pieces,  and  if  present,  at. ^11  must  have 

jarillary  dimensions  tfhich  arp  small  in  comparison  with  tjie  size  of  har^ 
ness  test  dent  and  deto’.iator  dent,  >iipipg  does  not  seem  to  be  a  considers- 


does  not  seem  to  be  a  con 

*  jt  .  * 

?>-■  J  .  :  *• ,, 


tioi)  in  the  evaluation  of  round  stock ;  | . 

■0  On  macroetching  pieces  of  both  flat  ind  round  bar  stock  there  Is  , 

*  ■  O. .  •.  v  ■  Of.  O-  O  :  ,  •'  *4 

observed  the  fibrous^  structure  of:  the  r piled  steel*  These  fibers  .are 
oriented  in  the  longitudinal  direction  In  fchejjar. .  Test  pieceMBfrri.^ 
cated  frcm  round  bars,  therefore,  direct iwi  pa raile^; 

ta  thai  pf  the  fibers,  while  *:fldt.-lllr,!dfc6ck'^  io^calJ^  cut  lnt<r 


test^ pieces  which  are  fifed  ontransversely.-  Maproetching  with 


*  » .  i .  . .  . 

.]  ,,  I  •  .  « .1 
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v  ' 


concentrated  hydrocliloric  acid  brings  out  lines  of  work  hardening  in  cold 
;  rolled  v»teel.  Sample  D  in  Figure  6  shows  the  fibers  in  a  sectioned 
sample  of  round  stock  that' Was  etched  with  concentrated  iiCl.  Sample  E  ijn 
this  figure  is  a  corresponding  section  of  flat  bar  stock..  Hie  firing  of 
a  detonator  on  a  piece  dogs  not  affect  these  lines*  This  isshown  by  the 

7  dented  and  undented  piece  irt  Figure  7. 

J  % 

Uniformity  of  Bar  Stock  s  - 

Dat$  on  hardness  of  bar  stock  across  thereat  cross  sectional  area  are 
given  in  Tables  Xltl  and  XIV  of  the  appendix#  The  hardness  gradient  in 


\ 


*1 


fd 


ven  bar  of  cold  rolled  stoqk  does  not  seem  to  be  quite  as  great 


round  stock,  being  6  points  for  flat  bar  stock  in  contrast- to  .8  points 


as  in 


D^r 


|r  round  stock  on  the  .Rockwell  B  scale  foi1  the  samr-les  examined. 

I  »  •  .  .  • 

number  28  ,which  was  an  ihnealed  tool  steel,  was ’quite  uniform  ovei.  the 
cut  cross  section  and  was  the  nearest  thing  to  S'  homogeneous  steel  found. 

'■  -  •  -  -  _  '  '  -  •  I  •  1 

The  variation  in  hardness  from  bar  to  bar  of  such  steel  was  not  investi- 
gated.  This  suggests,  however,  that  annealing ' is  one, way  in  which  a 
store  hortogeneibus  test  piece  can  be  obtained.  Test  pieces  cut  from  such 
stock  would  involve  the  higher  cost  of  Annealed  alio/  steel^which  is  around 


9 1 


1 


f. 

T%- 


per:  5/8"  thick  test  piece  in  contrast  to  under  2$  for  the  same  piece 


cut  from  1016  cold  rolled  steel.' 

'*  ’*  •. 

’  y* .  * 


tffier  investigation'  of^  the  uniformity:  of  hardness  over  the.  cross 

'  : j*'  '  •.>'  s  .  ;  ’• 

»  sectional  surface"  of  1018  cold  rolled  round  and  bar  -stock  indicated  rio 

•.  \-r  'S 

;  special  advantages  of  bar.  stock;  because  of ^homogeneity.  X  '  5 


E. 


'■  -f* 


Geometry  of  'the  Test  Piece  ' 

'  ™  .-■</ .  ,  ."*■'?  !*  v  '  •  *-■  '■* 

:  *  ■  -  :  ■  ;  f  ■  >  ••V-_s  ‘  ;  .  *  J  ’  *  -  •  '  y  *;  •  ;  '• 

(l)  Thickness  of  test  piece  v>: 

Thfe  steel  plate 'dent  test  could  be  most  easily  adapted  to  the 


V‘--\ 

r-.&  '  * 

■  ■■  :  mj  -v 

'  1 V- :  *• 


■  v . ; 


,-;4h 


>.■ 

* 


i  ' 


CrtoMotioa  oft  roood  (D)  and  bop  (I)  rtj 
profllo  of  dost  pnde  by  dotoMtor 


|  -9 

l  ■  V.  .  ^  luSflS 

B  J 

- 

. 

i  jlr //  j  *  '  ;  fft  |  *  f;  X-y 

~r~^~  -.-•  ;;  ••■i  ._■  > 


# 

# 
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t  - 


TT 


•  wr- 


th«r  same  size  and 


■  existing  apparatus  if  the  steel  plate  were  as  nearly 

V.  ■  *  t  ■  J 

■shape  as  the  original  lead  d£sc  test  niece  as -possible.  -This  suggested 


arr  investigation  of  the  smallest  stegl  test  piece  thsttcould  be  used. 

y  *  -  .  w  -  m  ’  t  .  V  *  .  .  *  .  3 

Other  factors  being  equal,  the  ultimate  criteriori  as  to  whether  a 

given  size  and  shape'  of  test  piece  is  suitable  is  the 
.•>**'  »  ,s’  * 
the  dent  produced  with  the  capacity  of  the  detonator 

ive^^feardless  of  .  whether  or  not.  the  overall  dimens 


piece. are  distorted  in  the  de.nt  test. Since  such  a' correlation  was 


beyond  the  scope  of  this  research.,  and  also  because  A 


"S*. 


dent  depth  is  -«roite  precise  when  <the  overall  dimensions  of .  the  piece  are 


correlation  of 
to  set^pff  explos¬ 
ions  of  .the  test 


he  measurement  Of 


not  affected  by  the  firing  of  a  detonator,  the  concept  uSed  in  choosing 


.  - 


the  size  of  the  smallest  suitable  piece.' was  that  of'tjie  infinitely  large  \ 
piece.  That  is,  as  long  as  the  piece  was  not  distorted,  and  the  dent. 


depth  was  the  same  as  it  would  be  in  a.  large  block,  the  size  and. shape 


of  the.  piece  tfras  said*to  he  satisfactory.  Actually  tile  largest  niece 

.  ••••  ‘  -I  .  •«,.  '  i 

testted  was  1.219"  diameter  and  5/8— thick.  *T’ie  strongest  stab  detonator 


^.(MK22)  did  hot 


this. piece.  ’  Anjr  niece 


'i-%1  ■ 


ft 


smaller  tliap  thipand 


^ave  the  came  dent  depth 


which  was  fabricated  from  the  . samp  steel,'  .that 
•and  no  distortion  of  the- piece  was  said  to  be  satisfactory. 

.X  The  data  for  dent  tests- on  pieces  of  round  stock  ^8".,  3/8",  1/1 1"  .-. 
'  an<|.i/8"  thick ,  and  flat  badr  stock,  5/8",  '3/8",  5/l6", 

•  afe  given  in  Tables  J&,  X  and  XI  of  ,the  appendix.  Thej 
tests  are  summarized  in  Table  11.  . 


r. 


\- 


3/1A"  and  1/8“ 
restilts  of  the 


These  results,  indicate  that  a  piece  3/8*'  thick  is  sufficiently  thick 

■'  :  ■ ;  s  :  * £ 

-.  for  use  in  the  -dent  test  for  use  with  detonatorslno  stronger.than  the 


‘S'  : 


MK-22-0.  A  piece* 5/8"  in 


t.  *>■» 


ss  is  well  over  this  minimum  thickness 


t  *  and'  is  recomended  as ‘the,  piece ‘‘thidkneSs  tot  the  s'tefel  pla  te  4ent?tp st. 


<a 


v* 

<  5 


t  ' - 


•  i 


i  ' 


\ 


i 


AT*  ' 


•  The  mean  deviation  of  the  dents  produced  in  bar  stock  was  found  to\ 
he  higher  than  for.  round  stock.  The  round  testfaiece  (diameter  1*219?  jj  .. 
ie  larger  than  the  square  test  piece  (diagonal  uK3%he''3ent 

a  Tipple  in  the  surface  of  around  0.1  Ml  is  produ^B'^rhic h  extends  some¬ 
what  (farther. out  from  the  dent  on  the  square  test  piece/  It  was  found  that 


measurement  of  height  of  the  original  surface  was- sanewhat  easier 'in  the 
case  of  the  round  test  piece  because  of  less  ripple  inthe  dented'^urlace 
The  difference  in  mean  deviation  of  dent  depths  for  round  and  square'  test 


pieces  is  attributed  to  this  rippling  in  the  original  surface.-  -The  lower 


deviation  in  dent  depth  measurements  on  round  .stock  is  one^ advantage  in  ( 

■  ■  ; '  *>•-.'  -  ’  .  *:  k  *.  ‘  ;  j  .  s*  •  *  ■’ ’i1 fl'‘* '! 

th^use  of  round  stock  as  a  test  piece.  ;*  ...  7 

Figure  8  shovrs  sections  of  round  test  pieces  on  which  HK-22  detonators,  v 

'  ;  '  '  •' .  I  ' 

have  bben  fired.  Figure  9  shows  sections  of Square  pieces  on  which  det¬ 


onators  from  the  same  batch  were  fjired.  Sample  Gv of  Figure 


before  denting.  The  samples  were  mac  roetched  with  concentrated  HC1  in  orde 


to^bhing  out  the  work  hardened  areas.  The  hardness  in  the  bottom,  of  the 

dent  was  r  ound  , to  be  8  Jo  Ip  points  higher  than  the  original  piece  hard- 

•  '  .•  •”  '  V  '  ;■  ‘  '  - 

the  dent  in  pieces  A  and  B  of  Figure  ,8  indicate 


ness.  | Two  short  lines 
work  hardening  near  the  base  of  the  piece.  These  pieces  vrere  distorted  by 


on*  These  lines  were  absent,  however,  in  Pieces  C  and  D  (Figure 


8)  which  were  not  distorted  by  the  detonator. . 

Signification  of  the  affected  area  in  Piece.  A  of.  Figure  8  is. Shqwn  in 

represents  metal  under  stress .that  ^tched  more 

;  •  .1  •  x1-5 ‘V;  .  ’  /  . 

rapidly  than  the  surrounding  area.  Thfa^profile  of  a  dent  of 

■  ■'  ^  '.<£  .  .  v.y  .  '  *,  •' 

magpified  2Qx,  is  .shown  in  FiguPt "ll*  .:‘%*ry  dent  is  a  little 
some  contain  a  low  spot  as  in  Fiifure  llV’.  Some  have  a 

symeiribal^^^ 


Figure  10 


-tom  land 


some  are  quite  i 


Flcute  8 


t opk  dod'tP'. 


th**Y 


>  .'fvmrp  9 


L,  *l/.8  itfchfe  thtcif  jv .  l4Wlt>  it  cues’  'tlx 
,H*  5^^,'taphes^^ 

' '  1" 


.1  and  Test  Piece  in  the  Machine 


As  shown  in  Figures  2;  and  . 3,  either  i  5/6"  thick  -round  test  piece 
(1*217"  diameter)  ora  5/8"  thick  square  tesjt  piece  (0.862"  side,  1.217" 

.  -  .  .  -  /  -  ’*•*  1  -  «w  .  i-"—  -•*-  .  '  *  \  .*•  \  j 

*  "  C  ’’M  V  .  * !•  «  r  .  r  •’  '  y  ■■  *  ^  "  *•«  •• 

diagonal)  can  easily  bp  centerqd  in.  'the  machine  on  the  anvil  sketched  in  N 
Figure  1.  The  plastic  holdei*  may  then  be  centered  bn  the  square  or  round 

* V  ^  .V.  ”  ,  ~  -  *  I!.-'  •  _•  *'T  *  •  .-  •  • 

■'  *  \  -«•£>  '  •  _  '  v  '  •’  *  - . 

test  piece.  There  seems'  to  bn  no  problem  alignment  of  the  anvil,  square 

'or  round  test  piece,  plastic  holder,  firing  pin  and  bail  drop  mechanism*1^ 

v  -  •  ■' .  r"  x-'.'v •  - .  •• 

,  -  -.7-  •  s  ■  ■  V  .  .  •  ...  »  '  .  ;•  <  ~  ..5,  .  ’  • 

Thia  assembly  is  shown  in  Figures  2  and  6. 


There  are  two  ways  in  which  a  test  piece  can  be  machined  fronvbar  stock. 


.  * , 


'^T’TV  ■  The  detonator  may  be  fired'  on  the  mill  surface  or  the  cut  cross  -section  of.  ; 


./>’ 


the  square  bar  stock  may  be  ground  and  the  detonator  fired  'on.  this  surface. 

t  >  ,  *  .  •  iy 

Firing  oiTthfS  latter  surface  is  similar  to  firing  on  .a  test  piqce  cut  from 


r  *  *►  i  •  ,  |  *, •  i • 

round  stook  In  that  the  direction  of  firing  is  parallel  to.  the  direction,  of 

r  -  •*  -  '  '*  .  •  ••  '  V  •"  '  * 

*  .  .  '  .  '  ■  <7  .  •  *  S  -  ’.  . 

.  the  briber.  ..•/ v;..V \  -. 

The  center  hardness  throu<:hout  a  given  bar  of  round  or  square  stock  was 

;  t 

...  foupd  td  bp  father  uniform  in  hardness  as  shown  in  Tables  XU!  and  XIV  of 

*  ’  S  ..  *  4-  ~  .  P  ‘  ‘  *  ' .  .  ’  f  » 

the  appendix.  This  arranpenent  means  that  the  center  of  the  dent  will  be 

:i- :  i;'W v-  •  ' .  . 

located  in  steel -having  the  same  original  hardness  regardless  of  the  depth 

*"  •*.  ■  *.  -■  ••  j**  .’-L  •  .'•  *i  •  i  -  •  *  v*  *  '  *-* '  •  *■  ; 

: of,  the  dent.  This- is  not  so  when  a  detonator -is  fired  on  the  mill  surf aee 
since  the  hardness  is  changing  in  the  direction  of  the  dent. 


Figures  12  and  13  shesr  'that . 


.  *£>  V-,- 


cOT^relation  between 


>ess 


and  dbni  depth  Existed  w)ien  22-0  detonators  Yrere  fired  at  the  fcenter  of 

■v  ''  '  *  l  r .■'/  v;  /  ...  m*-  ■  *  •  ? 

a  grouhd  dress  sectional  surface*'.  When  the  detonators  were  fired  on  the . 

*v:  i  ii.;  -Tv.  •  :■ 

l  qp.'  V.'/\  ,  '■ '  ‘ 

mill  surface,  also,  prepared 'by' surface  grinding^  as  shown  ipr  Figure- 13^ 


:vs 


V ^  '/?-  % •> i of ;  either  eurfacd  or  center  hardness"  with  .^nt  depth  w&<r 
-  i  ,  paoPf  >8.  showii  in.  pardgrpph  A  of  this  section^  the  oenter  hardness  bf'the^ 


J  "t 


.  i  ' 


■j+i-  ■  * 

< 


.A-. 

• '  *» 


7:*T- 


vl‘ 


■  «-  -  •!  !•  -■  -life  '  •.--I  •  V-  j 
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-  9  *  T  '  -  »  ’ 

■  c,  - '  ■  i  ■> 


bar  -seeas  to  exert  considerable  influence  on. the  dent  depth  even  when  ■  be  V 
■  detonator  is  fired  on  the- sill  surface.  <  ... 

.  „  -v  /■'  -n 

'j.  Preparation  .of  surface  of  the  Test  Piece 

:  A  ievt  piece  cut  f roc  round  stock  is  logically  ground  to  smoothness  ^ 

’  •  V.  .  ^ 

^  ‘4  th -a  surf  ode  grinder  to  provide  a  flat  surface  for  denting.- rGne  of  the  ,  \ 

Possible  advantages  in.  use  of  flat  brr  stock  for  the 'test  piece  lies'  in 

•  .  ..  /•  •.  .  :  3  . 

'  •  /  fi  ■  (  \  y  * <  *•  ’  ''-!ss  - 

possible  use  of  the  f&t  surface  with  only  a  minor  cleaning  qperatlpn*-  ... 

'  •  ’  •  *  *  *  '* 

It  -  as  found  that  'the  flat  surface  of  "a  piece  of  flat  bar  stock  7/8", x  5/8" 

*  -  .  '  *  ‘  "  *  \  -  *  .  .  ....■>■• 

,  ,  ■  *  ♦  ■  *  •  .  *•  •  . « 

’  and  7/8V  rj'tf 8"  varied  in.  heir  hb  un  /to  1.5  rails.  These  oieoes  would  rock 

p  b  ;  ,  ■  \*w  ■  -/  ;  ■  /  >  •[ .  -  ‘  \ 

sii.’htly  during  the  measurement  of.  dent  identh  and. add  to  the  uncertainty  "  — ~ — ====~ 

'  ■  ■■  ■  ••  •  •'■  '  •'  >  • 

.  .  •  •  •*  -  -  -  »•  77^*  ■  Ivv-  ' 

'  •  of  .  the  measurement.  Cleaning  by  light  ,  sanding  was  found*  n^t  to  -  affect'  'the  JE.- 


i  •  .  •  ■ .  ...  r  •  ■  . 

remlnrit.v  or.  irregularity  of  the  surface* 


This  loss  of  decision  is  reflecterJLn  the  standard  deviation  of  the 


*  detonators.  3omevoertir\ent  data^showirig  dent  deoth  and  standard -  deviations 


.for  test  pieces  cut  frora  flat  bar  stock  areas  follows: 

‘  ■  Table  III  •  '  -  ’ 


& 


Is  ,  Effect*  of  Test  Piece  "reparation  bn  Precision  of  Measurement 
Surface  Preparation  Detonator  iof  of  .  Dent  Depth.  '*  Standard 


'  Shots 

- — .■  f  *  ■ 

Flat  surface  as  UK-56-0  *  22; 

received  with  clean- 
ing  by  light  sanding  MK-22-0  ? 

Surface' hardness  82  . 


Ground  flat  -on  .>  |  > 

surface  grinder  ’JK-22-0  -  ‘  22 

Surface  hardness  82  .. 


Deviation 


12.li- 

C  -  "f- 

15.7 


\  :’J  ^  " 'In-'ord^tc  evaluate  duringthis  research  the  inherent  ^capacity  of;  the 

rmSf-  ■  i  .^L'test  for  eiraltla^ian  of  defonstors,  aajdnura  precision  was  achieved  by  surfac 
>4 ;  grinding  al^ea^^p  Whether "driibt  test  pieces  »u?t  undergo  a  surface 


ding  operation  for  a  production*  test  is  then  dependent  on  €he 
ision  desired** 


»  the  situation 


The  relative  advantages  and  disadvantages  in  use  of  three  types 
st  pieces  are  bonjpared  in, Table  IV 


.  IV.  ’TDI'anVlTt  OF  STEEL  P:-ATS  DENT  TEST  FOR  -  .  ^  \ 
;  ll— EVAiM^!  OF .  DETCKWTORS  '  '  v  ■' 


A*_.  Criterion  /for  Atjce^tance^r  Rejection  of  a  Detonator 


1  r  .  '  •  i  .  ■ :  •  v; ,  ;  ..  ■  ■. 

•  'It  vculd  ;be  desirable  IT  a  dent  depth  could  be"vset  which  if  not 

exceeded  r/ould/be  the  basis  of  rejection  .of  "a  Single  detonator  or  group,  , 
Oi  detonatpre.  j  The  Setting. of  any  such  ^epth  is  complicated  by  its  i  \f‘ 
dependence  on  the  hardness  of,  the  test  piece,  and  a  large  standard  ,  - 

4,"  ■”  .  •  .  -  4  '  .  \ 

deviation  for  a  rot  of  detonators.  '■  v.  ^ 

j.An  inWsti^tion  was  undertaker  .determine 'the (f  easibility-'tsf.,  , 


..specifying  such,  a  rejection  test  [for  detonators;  The  results,  which  are' 


.  dir cussed  in  theNfbliowtnp  secticpsj  indicate  that  the  sensitivity  of  -the 

te:  t  for  distinguishing  detonators  of  various  strengths  is  low  but  can  be 

-  v  ••  .  ...  .*•  \  ■■■;■'  ■ ;  .  ' 

mac  e.  reasonably- sensitive  by  rather  strict  specifications*  -  y 

.  B.  Effect  of  Type  of  .  Detonator  on  Dent  Depth  .?•  . 

'  During  the  course- of  these  investigations,  chree  types  of  detonators 

.  •  •  .  '  ■■  ‘  '  •  ■  .  ,  ’  •- 

-vei'e  used*. 'These  are  listed  below  along;  with  the  dents  .produced  in  Steel'. 


i  Rockwell  Ife  hardness, of  62.' 

.  .  •>  ..  ;j\\ 

. . 

,v.  • 

MK^22-0 • 

ap-  . 

Stab  _  lli.T  ♦  <•- 

*  .  -  ; 

(22  shots) 

v  *  .  rfi  -- 

Stab  12*U  / 

(22  shots) 

..V,:  4  . 

MK-58-o- 

Flash  .  vV 

f'  -  %  >\  . 

(22  'shots) 

.  The.  strpr^est. stab  detonator  which  was  .to  be  investigated  was  the  UK-22-0, 

-the  weakest  stab  detonator  the  UK-56-0.  The  dept  depths  differed  by  2.3  • ' 

Mis  from  the  we^kest*£o  the  strongest*  "the  volume  of;  the  dents  and  thus  • 
the  lihigrk  outputof  these  two  detonators^  hcwever,  were, considerably  dif-  .J  ^ 

''  •'  '•  ***.  .-4-  .  ~'S  p  ../‘s’  •  ",  .■  .  b  «.  '■  '  '"s?‘  •*  '..i 


:  ~  .  ~v,  ,  .-a  v  -fa  • 

ferent  'Since  the  diameter  of  the  gent  was  a 


the.  diameter  ■  : 


■  sh< 


of  the  detonator  casing*  This  is  0*160"  for  the  and  0*Ul5M  for  , 

the  NK-5&-0..  This  shqwl.  that  for  evaltiahien  of  det onators,  the  d<mt  depths 


ould  be 


i  of  the  same  diameter* 


:.,v>  ,^-iV  t’ ';:V'  v'  ::  }  ,■ 


The  weakest  detpnaihr  'tested  was  the  M(-5>8-0  flash  detonator.  This 
detonator  produced  a  measurably  dent  of  It. 2  mils  with  a  standard  deviation 
of  .0.3  mils, 

•C.  Sensitivity  of  Test  for  Distinguishing  Detonators  of  ^rlous  Strengths 
Thfe  following  l{K-22-0' type  detonators  wene  supplied  Jty  NQL  . ’  ■  Throughout 


vi 


this  report  these  detonators  are  referred  to  by- the  per  cent  tetryl  based  * 


on  160  mg  of  tetryl  being  100?S  of  full  charge.  .  J- 


%  of  full  charge 

’  ioojs 

•  m 

•  75% 

'  .505?-, 

-25 >i 

PbNfc  Priming :  L!i^h - 

_  -  5? 

52 

52  ^ 

52 

r  . 

*•;  “5? 

PbN^  * 

ao 

ri 

iH 

•  V 

11a  J 

> 

_  118 

•  118.’ . 

118 

Tetryl  • 

8o 

68., 

liO 

20 

Tetryl^\  •  / 

8o  w 

;  68  ‘ : 

6o: 

>  ho ' 

•  ,2Q ; 

The  total  quantity  of  tetpylrds  the  sum  of  the  two.,  values  for  tetryl  in  t.....:  '!> 

‘  •  .  :  V  ■  ..  '■  V  "•  '  ■  '  ,•  '  '  r  \;0  i 

above  table.  The  two  values  are  -reported -'to  indicate  pressing;  in.  two  stsC  •,*  I  . 


These  detonators  were  fired  oaeight  different  types  of.  steels.  These  ... 

'•  4  v  '  ;  '  •'  •  /  **  ■,  ..  .  '  y  -  C.  ‘  .  > 


data  ace  given  in.  Table  TV.  of  tpe  appendix.  ; ’The  average  ;dent  depths,  are  ,v,.,  ;  / 
given  in  Table  XVII  in  the  appendix  .with  the-  nuraber'of  shots  .oh  v/hiqh  the 
average  was  based  in  parenthesis,,^  Thb  averages  pin '  Table  ,^VII  Include  data  j '  . 
from  Table  ,JTVI  of  the  appendix  vfhich  represents  another  lot  of  detona-  j  \ 

tOFSr*- y..  .  f  .  *  .-‘V..'  ■' 

■'  ;  ■  ‘  •:*•'*•**;  «  •  4  ' 

_  l  ji.  „  _  i.  _ «  *  •  • _ -  _  1  ■>  _ ’ .  _ -  j _ -a  /  / :  . 


►  After  h  detonators  of'  each.’ per  cent  group  had*been  fired  on  steels.  A  T : 


to  F,  ,'i  on  steel  Gand  2  on  '.Steel  H’,., the  renja'i’ndetf-were  -fired  on  steei\B, 

V  .  •-  -O  i  V  ■  :-v;.  ..  J, 


'  in  order  to  increase  the  Significance  of  the* mean  for  bne  of  the  steels,  / 

Vj  .  .  •"{  V'V  ^  ;  v /'  .  '  y- 

TVin  roRiil  4-.fi  cr  Ivor  in  TohT  o'  "A7TT  nf  t.Ho  ftnnonfiiif  a  rp  nTn  +  ti.(i  in  Fi  r  u  rp  P ) 


The  results  given  in  Table:  XVJI  of  tHe  appendii  are  nlottfed  in  Figure  Ik  .  '  ’  v 

.•->  v  W'% ;  -r  tty  ■/.  /  ‘  *  \ 


•on  the  following* 'page.  A  separate  curVe  is  drawp  for  each-of  the  different  ,;  -  ' 

.  ¥  -  ■  ^  ‘  .  .'*.4  '.  1  '  -  /' 

■  V  *'•.  %  '  >  •  ,  ■  Vs.  L  /.  . 

steels,  -  v  v  7- .  r,  •  / 


w:  :  \ 


r:;;* 

*  -  y  .  .  f  .t"  -  .  \  ■'/,  '  _  • 
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I  Th<  effect  of  hardness  of-sleel  on  the-d^rt  produced  by  tr.e  ,1002  -'5'-*  y 
i^-0  detjnatoto  is  shown  in  Figure  12.  *  • 


I  The  1  of  sensitivity  of  the  test  for  detonators,  containing  ovpr  50'" 

I  '  .  ‘  » 'Cwi •  -.  .'•  •  "  •  p 

fat  full  oh»Bge  is  apparent  ^roE  Figure- lh.  The  points’ in-  this  figure  are  ■ 
til,  avej^agteS  6^'at Jjbest  It  Chois* , - TIub  line  to/  Steel  $  is  teased  on  average 


Ml,  avej^agtes  6f'»t  *)h*8t- u  'shots*,;  TImb  liiie  to/  Steel  $  is  teased  on  averages 
•  I  ft  :  • 

|of  6  2Q>  shots.  An  examination  <z  the*  single  shots  reported  ifipsefcle 

.  |XV  of  therLppflpdlx  .shows  that  Ilhe greatest  d«^|th  fen*-  5 OJt  detonator  was  1.5 ,5 


|jin  the  hardness  raro»e  80  t^90«  this  was  ?f or  one  shot  out  of  22,,  -The 
I/Shaliofwest  dent  for  a  100$  detonator  lav  the  samfe  hardness,  ranpe  v»s  11. i* 

■  •  '*  /‘H.  -v  -  „  .  -  •  •'  ■  1  ■  NS£< 

,  ,-/f  J’^feich'  is 'for  onfe -‘shot  out , of  20,  .Thus  by  settinAthe  acceptable  dent  dej&iii  if— 

~  -r  •  ;j  .  i  *  -r  ■•:  /)’>'  “  ■  '  .  A.  .  . 

>/*.  •  |  at  iiuh,.  hue  ‘out  of  twepty  SOii^detjsn&tor^wcfuld  be  accented  as  1CCC-  detcr.a- 

.  J.  ..V  .  j  ■  . ,  ’  '■  •'  V.  .  •"  •  .  ■  ■  - 

■  t  .  to*s,.  ‘  i  -  ,  .  v  .  h  , 


M  '  >  In  .the  case  of- the 775#  detonators,  u  out/  of  18  exceed 'a  depth  of  It. 


tnils  and  iirouid  .be  accepted  as  100?5  detonators. 

•  j  ‘  ^  -  \  »,  *  ,  ^  *  *  v  ’•  .  ‘ •.  ’•]  .  '*  f . 

I In  case  of  the  85)5,  detonators,  pj-  out  of  Z2  ’detorjators  ■.vould  have 

toxo ceded  ;li\epth  o£  lUUi  isfis  and  been  accepted  as  100^-  dietopators. 

Had. 4 dent  depth  oi  lit.lf  been- chosetfl7^5i*ia'.  .speTificilSiron  that  steel  , 

i\  ;  ,:p,  tei '  i  ■■  V  V'.-  f  ..  ".-i  ,%*:* 

haordnegs  may  yary^fr(^8g>^JwX)t  then  on’  the^ basis  of  a  ’njiri  er  of  libel 


icatiron  that  steel  ; 


,  then  on’ the  basis  of  a  er  of  IDCl  , 


I;-v  '  i-  .-u  ;  •  jy  *<  .  '^.:w 

•  detonators  greater  rRan  .‘‘(h-lt  is  statistically 

6  ••  h  F- r.  'TikSl  t”  T; 


'  probable “tjUt  several  IOC.” 

N  r  ’  ;  : 

irlld  and  therefore  would  be 


M  ■  "  4  tip •, produce  .dent  larild  and  therefore  rrouid  be  • 

-  'rijeCtWl  ThC-data  sho^i  it  is  possible  Jto  select  a  dent -depth  such  a« 

vidKZ-  c  r  I-;''-.  rOv[.‘.  'fl  ' V'^'  V  .' -  ^  I  -  •.•'  .  '  ;  .  ’  ' . 

•V'  .  J  lfefi  i^ieh;^lll  •acce^tJoawf^SS.  of  the!  |b0^  deionatbr^  but  reject  '9$£X 


detonators. 


^hetiiir!  or  not  this  cortsti^es  -4 


tmetrier  or  not  this  constitutes  a  sati<Kaotwr 

J .VPK^.-  ■'  ' 

ofi  'po rn^L^on  /of  the  tea^  operated  in  ;thisl)Wpi|| 

de^oratclr  to  initiate  fi^nlosives.  Such -air  invest 


Mites  .4  .sa^letf eotwty  rejection  test  depends 


r.  with  tii#  caraoity  of  *the  ,  t 

.  u  i  ^  .  .  / 

ife  ber.ond  the  ccot/- 


research* 


:V 

v\  ■•..*’ 
-■  \ ;  - 


*  •it*-  .j, 

/  XiA 


’  •  v1>-  ■ 

*  ■  l!\  - 


V  a-  1  '{•  '<! 

;  ■  v  ■*  »  f  *  * 

>  'V  •  -V  >!« . 

r  b‘  .  i  , 


i 

j  .  .’i 


# 


throughout'  many  bars  6f  l(3.8  and  l020  cold  ^rolle^  st^l  f  *Us.  betwBen  81 


?hp  oi-' fact  of  raisinr  the  reqidred  dent  deoth  -tondord  f rt*i  mils  is  to  " 

,  •.  .4  */•  ■  • 

ce  th*-.-  ntarS»er  of  ICO?  detonators  footed  Is  Tfell  as  4,he  number  of  8536 


'  *’  ’  ‘  *  -  -  '  ••  ‘  *  -jJ  .  * 

am:  ;7r  dot  tors  rejected,  The  data  Indicate  Itfcai-.the  tedfc  when. based  on  "* 


ro^'CtJan  oV  a  detonator  by. a.  single  ^ot  has  poor  capacity  to  .rpjdct  ^  . - 

'.v  ■'  -r"‘  '  •  •  ••  .V,'.  R 

••io^naior: '."^yirr-'a  strength  of  ?5f  fidl'fcharce  arid  overv.  ■■•■*  V 

'3*r.  v  '  /  k-  '><  1 

Tht  f-  vet  tV>t  a  ?i '  detonator  can  produce  oVJont  roller  tf*an  -sonse  10OT 


„•  /deton-tt^y . ureas  le i.'hc* it  .leant  idv  bart  cue'  to  IhdS^Vpsietn'  of  the  dent* 

’•  ••  ';._V  ‘  ;  .  •*  V  •'  '  *  .’v-.  '  *  /"  '  * 

nt:f  are  usocth  and  taJce  the  prp^e  vrelT.  .lone  dents  been  otfseryplT) 

■■■  \  .  *  i~  ■ .  ■  4.  I  ~  •  *•'■4.  ;  '  ‘  •;••*  '■  "  '**  '•"* 

.'to  be  irreruiar  so  that  the  probe  rould  hat  fit  Into  t,he.  lower^|S»t4  of  the 


dei.t.  Q'ffprence  in  dent  shape  ^.therefore,  may  emir  in  the' overlap  in  dept 

}£](.■  V'T5  v'i  /:•"  ;  ■  -  ■  •  ,-r  *;V*  4  ^-.:v  V  •  >. 

*  *  derths  from  IOC''.,  85.  and  75?  detonators.  *"  The  volume  of  the  dent,  whifch  •/,. 


•  '  *  unfortunately- Clnrict  be  measured  practically,  should ;  prqye-'  to-  be  a  more  • 


reliable  criterion  of  -‘detonator  strength.  •  •'  4 

■  ■  ;f  •' v '  "  •  :  *’  '.v. 

“  Tbetfe  ape  tno  .rayr.  in  .rhich  the  test  can  be  made  ;!iore  sensitive  and  ore% 

'  -  •  ••  :  ^  *  4  v  '  •;  '*  '"v  v--.  :r  ■ 

.  Vi\y -in. artiich  it  is  made  less  sensitive* 


,  ■oy  narrowinr*  the. acceptable  haSdness  ranre  or  distimpkishinr  between 

•  i' 


v*--'*, X the  test  mav;  be  made  more,  sen^-tiye*  In  >; 


'O 


Si*::  standard  delation  such 

J  ,;v  ;"ae  riot  friiKUW”  ..the  ^arface-oC  t^e  sa^pl«s/  or..t'^tasiiiy'jpr^ii«.^dV/..  •  ^  ^ 


'■i’.'Ji-  -Hu  maxima®  deht  depth.Oftould  have  the  effect  6f  increasing , the  acceptance  rate  n  <•  ;  . 


pf  loe  poaer  detonators  a's^'eqiiiyajent.  106^  full  charge,  and  rejecting 

^  vy,'V.-''r';;Kv  --'•••  \  ‘  \ ~  .  •  .•••'•"  •  r/rr-1' 

.  -  *  s'---.  -  Vi.  i 


b  0  :r.  * . 4.  : ;  ..  r-f ■;  ;  >b  •: 

IjPCC  -v  •  '  :  4r  '  i,V  •  •; 

-  those  ,  bars  of.; 


■:V,{  •  :  ,*  .^^^4:,-^:  4  ; .  ^ -.r  i;4 

range. *  annealed* allcer# tod' sfhel  cag|e  purchased  at  a  steel  epat  of  ground 

.,;>4  •'■'  ^  '  '■  ':;4>--':  .4'-14-i4;i-44v:;-.'  ^  V;4;. 

■  •..•  v  ^  ^  .•  I,*  •  -  .  f-  '  .'  _  ^  ^  _  '  __  ^  ^  •  . 


■4-  !#  'i  :C-Ai:d^r'^-~r  /  M  t^''  >  v  ■4v;'  ■  .  * 


tv  ' 

\  u  I 


>  j  • 


\  • 


-36— 


:•  V# 

'A-: 


K 


■i 


D*  Standard  Deviation  of  the  Petotetgr s  " 

1  The  standard  deviation  of  detonators  fired  on  5/8"  test  nieces  was  . 

’  .y  ■’  *  •  -**•  •  ♦  ^  .  -  *.  •  '.*■>. 

■■  ■*■*'  .  >  .-i  ;  •  /  'i.  •  *  .  •  * . 

calculated  and  .tabulated  in  Table  XII  of  the  appendix*  These  standard  ' 

'  ^  V  •: -,v  ■  •  \  ■  •.  >/ ■*  '  r  '  .  ■  . 

deviations  were  calculated  frm  results  obtained  by  tao  operators.  The  stand-, 

■  ■■■-  ..-  •  '  •  *  •  • '  .yt--  '  ‘  •  •  •  •  .  •  • 

ard  .deviations  for  two  lots  of  lOOf  detonators  were  pooled.  Furthermore,  ■ 

*  '  "*  .  -/  .■  a  ._  % 

the  Standard  deviations  were  'ca^rula ted  , from  tests'  ir.  ??hich  the  surface  of 


\K. 


all  test  pieces  rei*pground  flat* 


■  i  These  standard  deviations*  therefore*,  will  probably  ber different  tte£ 
1  those  Calculated  when  operators,  lots  :of  detonators,  preparation  •'of  test  ? 

/piece,  and  dept  depth  raeasurinr  apparatus  are  cosraletely  randomized.  Tie 

V;  •  .  •  ••  *  •  •  ' 

standard  deviations  stained  in  this  research  serve  to  evaluate  maximum  •' 


^sensitivity  of  the  dent  testy' 

*  y  ,  *  \  ' . '  . 


The  estimate  of  the  standard  deviation  for  the  1O0&  detonators  based 


!  .. 


,on  22  degrees,  of  freedom  was  0.6  -rails.  The  estimate  based  on  103  shots  v 


-V  jr‘  A-  •  •,  '  •  ' 

0,5  mils.  These  standard  deviations  take  into  account  the  precision  in 


•V- 


measuring  dent  ;depth,  Followin^are  tables  of  the  least  highly  signified  v 


?•> 


'»V. 


.difference  in  means  based  on  the  Student,  t.  TableUr*  at  the  ’X  level’.  ’ 

y  '■  ;v:  \ Table  V.7.7.7  .  77  V' : .  •• 

<  *.  i(  .-**  • .  •/.  ,  '  \  .  y-  *  x  S' ■  «vV  - 

,  :  V  Least,  Significant  Dtiaerence  in  means  of  Dent  Depths  .  •  * 


ft 


No.  of  shots  per  lot 


of  detonators  . . 


•V  .  ,  ■  .  ’  .25  •  ; 


Degree s  .  of  Freedom 


15  +:15  ,i 

----  - 


f..»-  :  V  . 


'  US’  -  * 


:V?. 


‘  1.5  1.0  dife  0,5  o.3  .1*5  1*0  0.6  0.5  o.3 


iMMfllMMtl 


7  •  "i 


^ .'.^y  .7/7  V 

-ry'$;  ....  _..... 

.  eant^iCferencC^  Ui  0*8  6*5  Qi3  7 


*  / 


means 


,  Developnpnt  Research*^  G.  Brown  Co.,  (1951)  ■  f-'  ‘  •/  ^ 


.]>■(*  .  .  :  \  ;  •*..!  •••.  '  ’  7-  **•••  '  **  f  ,*  v*  ' . '.7V'* 
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J 
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The  standard  deviation  of  0.5  mils  for  the  100;  detonators  indicates 

p  • 

*  t 

that  the  steel  used  for  the  test  piece  is  .highly  significant  since  the 

-  .  .  •  i  •.  5  . 

difference  in  means- varies  from  lit. 6  to  15.2  in  samplers-  A,  B  and  C  and 

f 

iron  16. f  to  15.1'  with  samples  D,  E  and  ?.  ‘ 

"tatlsticaT  analysis  of  steels  A  through *F  of  Table  XV  of  the  appendix 

,  i  « 

t  • 

and  nil  group''-  of  detonators  in  this  table  is  summarized  belcw.  Only  the 

fir  t  four  readings  in  a  column  for  each  subclass  were  used  in  order  to 

/ 

sake  the  .table  symmetrical.  • 

"  TabLe  VI  -  ' 

/  •”  ■  ,•  ^ 

Results  of  Variance  Analysis  of  Detonators  and 
Steel?  A, Si,  C,  f »,  E,  &  F,  from  Tatle  XV’ of  Apperidix 


Degrees  of  Sum  of  ^aria-  Vari-  F  .  Critical  vaH 

Freedom  Squares  ^bility  1  aoce'  from  of  F-at  X% 

J .  '  ’<■  »  ‘  tests  level  from  1 


test  table. a 


(Grand- Total  of 
120  readings)2 
120  .  * 

Total  Dent  Tests 

(120) 

ubclasses  (30!) 
Between  Detonators 

(ro  • 

-Sptwefen'  Steels  (-6). 
Interaction 
itain  Subclasses 


119 

• 

29 


.6 

5 

20  . 
90  ’ 


2262U.26E 

22006.360  382.092  3.21'  • 

■  ,  t  *  ’  i 

'22690.600  256.330 

■X  ^  ’  v •’ 

22625.910*  201.662-5.03  3.6 

■  ■  ■  , 

22636.606  12.336  2.67  1,*8 

V  .  .  ‘  ■  62,352  2,11  \0 


3.5 

.1,  3, 

2.0 


■  •  I. 


V 


125.66  1.60 


Sample  calculations-  showing  hpwN^his  table- was  formed  are'  given  dn 


page  ■  1  of  the  anr-ehdix, ' 

■  '  .!■  *  ■  ;  ■  "  .  ■.  \  ■  •  :  7 

This- analysis  indicates  qualitatively  that  the  difference  in  detonators 
is  considerably  greater- than  -the  difference.  in  steels.  Since  F  for  the 


I 


/ 


_?r.  _ 


detonators  exceeds  the  critical  value\of  3.5,  the  difference  in  detonators 

^  ' 

is ‘highly  significant  but  ary  difference  in  steel  is  not  conclusive  by 
examination, by  the  ".test  at  the  1%  probability  level  since  +he  exneri- 
oental  ?  does  not  exceed  the  critical  value;  As  the  result  of  a  different 
analysis,  it  was  mentioned  on  page37  that  the  t  test  does  detect  an  efferk 
of  the  steel.  ‘  . 

•  -  4  '  ,, 

f  A 

The  interact ‘ cn  effect  is  not  relevant  to  this  evaluation  since  any 

.ja  . 

relation  between  , roups  other  than  addition  and'  subtraction  of  the  sane 
constant  will.  show  interaction.  The  .orrelation  of  Figure  12  indicates  ,  . 
dents  are  in/erse'v  nrooertioned  to  hardness  and  such  a  relation  ’would - 
show  interaction  :’.n  a  statistical  analysis  of  da-’ja*.  1 

^  *  A 

.  ,  .  '  .f 

‘  ‘  •  .  .  '  .  *  t 

"  '  .  .  ,  '  J  . 


tt 


'  /  ,  ' 


:  Ux. 


i 


■/ 


;/\  : 

./ 

/'  ■  . 


* 


"  :V 


A  "  .  / 
*)  •h. 


ie  71a$h  Detonator  Holder 


As  a’  result  of'  investigation  -of'  stab*  detonators,  -it  had 
that  a  test  pi^ee  of  5/8"  thick  and  1,219*  in  diaooter  br  dii 
be  used.fpr  the  steel  plate  dent  test;  An- experimental  flasl 
hplder  -Tap  designed.  For  investigative  purposes  only  the  part  sham  in 
^ i~ure  15.  was""  machined  at  WOfi.  .  One  group  of  50  was  daphinad  .f  the 
yC-22-C  jietomtor  and  Mother  group  oif  50  Whs  machined  f or  ttie  rIK-^8-0 


could 


A  standard  plastic  holder  for  the  1P2  prJmeiNjae  fitted  on 
inchihed  detonator  holder  to  foro. thecoqplete  flash1  detonator 


detonator 


and  nrinler  plastic  bolder  assembly.  In  practice  thil  complete 


and  primer:  holder  vrould’ be  injection  molded  as  one  piece,- having  a  wall 


B.  Anvil  for.  Testing  Flash  Detonators 


e  different 


inee  the  height  dimen  si  on-bf  the  plastic  holders  will 


iders  of  different  heights.  The  Overall  anvil  height i of  the  anvil 


ash  detonator  hol( 


;  *.t.  in  Figure  vl  when  used  with  t. 

•  .***.  -  1  V 

Lz  » i'/^n  In  the  -table  below.  T1 


gure  * 


holder  fo: 


height  as  the 


,nvil  Dimension*  for  Flash  Detonators 


light  of  anvil  shewn  ih  Fig.  1 
ftece  thickness  of  S/8" 


Overall  I 
for  test 


r-22-O 


ihg  a  height 


tool 


U»#d  witk 
DttoMtor 


added  beneath  the  anvil  to  bring  the  anvil 
C.  Results  from  Fjrin&Flash  Detonators 


the  desired  height 


Twenty- tab  MK-22-0  detonators  and  twen 


by  5 tabbing  the  102  primer  loc'a 


onator  in  the  plastic 


holder  assembly.  .The  data  are 


in  Table.  TVIt  ih  the  appendix.  Test 


rieces  were  all  ground  flat.  %e  dent  depth  and  standard  deviations  of 
^*\-^2-0  fl|ish  and  stab  detonators '.’are Riven  below  for.  a  test  piepe  hardness 


Table.  VIII  . 

2-0  Flash  and  Jtab  Detonators 


Comparison  of  K 


Dent  .Depth  {mils)  .  ’Estimated  Standard 


Ip.  of  shots 


Deviation  (rails 


;.:k-22-o 

jlash 


82B;  all  pieces  cu 


the  difference  in  these  averages  ie  statistically  significant  at  the 
probability  level.  The  difference  may  tie  due  tor  holder  design  and 

Investigations  as  to  the. cause  of 


method  of  initiating  the  detonator, 
this  difference yw:i^l:nd.t.PaTSrted;:.dut*!,.  This  n»an»  that  the;  rejection  of  , 
detonators  must  be  biased  on  a  criterion  %hich  will  be  different  for  flash  '* 
and  stab  detdnators*  The  value  pf  the  dent  depth  which  mpst  be  exceeded 
must  be  pickid  from  experience^ since  tile  relation  between  the  steel  plate'  . 


detonator  must*  be  knowh  dr  studied 


.ash  Detonator  Holder 


sweated  that  the  holder  sketched  in  Figure  16  si 


Z  O  01 


Mitorltl:  Poly^tjrwM  or  Equivalent 

UmA  wit*  ■  ;•>'  ■  ‘  - 

D«W tot-V?  •-  •'<  TH—IibIib 


sq:  .-table  fol*  testify  of  flash  detonators.  Anvils  having.  t)iedi>i*«8i6n3 


■  ••  ,  t''.  S:-.--'  '  .  •  *  « 
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■■■  ;;  **  .. 
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1 .  w  -  '  m  wmm 


:  ■  :  JV 

'.v,  «5-,  ...  r 

fef  ■  =; 

’..T  ' 

-'■>  jg’l  1‘s'A  • 


•  ®fc|g 

. ;»v 


Piece  Stoel  Shape  Detbhator  Confinement 


Class  ha ranees 
csf  -samples'.  1'. 
through  Mj’v 
82.?*.  Rowell 


Plastic 


Brass  sleeve 
Cbnnterhbred 


drastic 


AV.  center  hard-* 
ness,  sables 
through*  132,  gp..2 
Hocle.ieli  B 1  scale. 


TABLE  IT  (Cdntd.) 


Detohaior .  Gccfirtonerit 


Table"  X 


flAT  BAR  •‘TTOCK 


Detonator  MK^-O 
Confinement  -  Plastic  Holder 


1016  cold  rolled  bar  Square;  side  0»8i 
stock  7/8M  x  $/8"  thickness  5/8*1 
Bar  No.  20  . 


thickness  3/8' 


Reatfil*  of  F 1 rings  of  BK-22-0 


in  3  MK-Jo-iO 


Ty;>d- of  Steel 
and.  No,  ofifbar 
from ‘Tabled  il 
and  IV'",  ’  . 


«ocJ<i»tl  I  Number 
Hartfheas  ♦  *j  of  - 

•  .Tests  . 


r  reparation 
of  Surface. 


1020  bar  stock  •  £a  received 
bold  pOlipu  "• 


upplfcd  by'NJL. 


1020  bar  stock  ,( 
coicr  .rolled  /\  . 
Supplied  by  NOL 


As .received 


‘..Same'  as  above  \  " 

.1  but,  l/ii"  thick  BaKNo./  16 


$4U*rp 
Side  p 

5/8“  -i 


10 Id, oar  stock  Ground  flat 

c^ld^irolled  with,  surface 

Bar  NO.  20  grinder  X.f 


bit  3/8"  thltefc  Bar  NO 21 


'Some  as  ab3V* 


but  5/lfeMbibfc  Bar  No.  22 


.1018  bar  atobk 
cold  rolled 


round  flat 


bqsea  on  103  shots  (jives  0.5 


A  pooled  estimate 


sf,  ' *.  i  .  , 

s  :  ’  ■  '  .  .  « 

ground  flat 

Par  No.  20 

Same  as  ' 

Bar  ftp.  lb 

above  but 

3/8"  thick' 

'  ’ 

n  Vari  j'js:  t«*bt  t'fVce 


tv:,  cent 
-.•  ill  la-  . 


•lean 

uevist 

A', is  ' 


istartfjnrd 
-n.  '•  L*.  vietioi 

'  ‘l  il  ’s  ’  ' 


ThD.le  containing 
original  jati' 


Tac;ei,  pieces -l  thru 
<V .  %Xi  hieing  /  4  .  B. 
where  i^i-ij  osej. 


TaDlf-  T 


n  Ootta.Ti 


Mo  gross  a ieturi ion  of 
•tes  t  piece  ■"•i-1 


r*tt*le  FT 


TaDle/.Iil 


No  f;ross  distort  Son-  bt 
test  piece 


bulge  on  cot  torn ^ 
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^ 
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02.5  ;> 

:  82.0 
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V 
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36. p:  :.0  •:  : 

,^32.2-  ;* 

83.8 

.  i 

'■ 

j  83.61 

?'6^  ••  '  , 

••!..  35  .3  ■  • 

•83e,4 

.  ‘J  ■ 

•  *  1  *• 

:.x 

■  i'  - 

:  -1 

V  ,'} 

ei.  c  T: 

Y  82  .y? 

3‘V.O  ‘ 

;•/>  «6'.o  ■ 

30. ;  1 

;  .81. Q;.  - 

33.5,  - 

■  r  84*5  •• 

.86  .C 

85.0 

85.5  > 

; /i 
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Roc  loro I  I  B 
Hardness 


Rockwell  B 
Hardness 


Point  No ,  Bockvie‘11  B- 
.  .‘Vr.v  fio-rdness,  ■  / 


'  -it*  . 

•\-r . 


5 
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'  •  .  p- 


•  >*-» 


J 


. ■■: 

-  ^  .■•*  ’..  jfable  XIV  *'  - ''  '  , 

.  '-Hardness  Traverse  of;  Grqss  Section  of  Flat  Bar'  Stock 

f 


( :{c:>din’S  Squally  snacod  al-on**  centef  line-  thrp'ph  center  hardness  • 
radioes.  'ix  equal  div^  stops.' of  line  -five  f’iVe  readings).’  I  '  •  . 
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■  .  ,  .  •  I  .  . .  .  .  Y  ~  ■■■  .  ,  • 


nr- 


St.  .el 


jize 


,  Rock-re.!^  B  readings 

-  Center  »•  •  '• 


2‘, 


1018  col  l  rol-  7/8',x7/6,f 
.•led  square  . 


* 


cnid. 
..  rolled 


L  .* 


* : 

7.'P"x£/8'\  traverse 
of  center 


shortest 
lehr  t.h 


87.9 

41.7  . 

86;0. 

Q6t  i 

88.5 

.  ), 

89.1 

66.$ 

86.5 

87.0 

06.5- 

90iil 

*  91-7  - 

i  8hio 

'  87.i1 ; 

9G;0 

i 

89.0 

90.8 

86.0 

•96.5  ' 

’  89-5 

^O.ii 

87.0 

86.5  • 

86*.  5 ' 

.  89.0 

80.3* 

-  86.  Li 

86.0 

86.0 

.8.2:7 

•1.51 

82.ii 

82.6 

82.2*  ' 

62  5 

ch.? 

81.3. 

63.5- 

82  vO, 

'  83, 6 

7'U.O 

80.ii 

8l."3. 

81’.  li' 

80.0. 

m. . 

J 
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80.  i» 
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•  ,  *• 

- 

. 

{  center 

•83.8" 
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83.5 

•  -  >  . 

\  l  ine  ,•  • 

■1  61.0 

80.6 

61.3 

*  •  **>  . .  . 

.101.  feqt.. 
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1  aye rare  . 

69.5 

.72.5 

7ii.0- 

rolled 

f  surface 
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70.6 

73.0 

‘V  .<  ’  * 

*  v*  ; 

* 

1  hardness 

•"  67.8 

■  .  76.5. 

7fr.  5 

‘  V."  ■ 
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73.ii  . 

73.0 
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Table  XIV  (Co'ntd.) 


Rockwell  B 'Readings 
..Center 


l6l8.  c  eld 
rollfed 


traverse,? 
of  shbri^v 


Av.  surface,  hardness  82 
av.  center  of  bar  hardness.  8 
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’Sample' Calculations  showi  nr  the  Formation  of  -  ;  • 


Table  VI  , 


i  . 


-61 


First 


(1),  Source  of  data  4s  Table  :V  for  steels  A,  B,  C,  D,  E,  and  F 

four  measurements  of  the  first  column  in  each  subdivision  were 
■ /.-  used,  makin,-"  the  total  number  of  measurements  to  be  used  for 
calculation  120. •  r  ’ 


.(2)  (Grand  Total -of  120  readings V 

— ™ — -~‘t~  / 

(3),  Variability- =- (grand  "total) 2  -  suto  of  squires 

••  ^  ■ — 155 -  .  ’  .  V  .  -I  " 

(h)  .Variance  ~  variability  ♦  decrees  of  freedom  ♦  , 

(5)  Total  Djfcnt  Tests  \ 

The  measurements  of  120'  dent  tests  were  each  squared  and  then  summed* 
•(sum  of- squares ’=  22806.306,  The  difference  between  item  (2)  and 
0  item  (3)  vrhbn  divided  jby. the  decrees  of' freedom  for  estimating 
.deviation  from  the  me^i  elves  the, variance  .of  3*21.  .  ’ 

-{6)  Subclasses.  •  >  ,  /  .  -  -  .  • 

The  meanjr  of  each  subclass ‘was  ‘summed  and  squared.  The  difference^  • 
between  items*  (2) and  (U)  ^nve  variability  of  256.330  which'  is  used 
below* to  estimate  the  error, 

C7)  Between  Detonators 

The  numbers  in  columns  of  subdivisions  were  totaled  and  the  totals 
squared.  Following  ar.e  the  totals  squared  for  the  five  columns: 

1(*)$  132060*25  \  ’  .. 

:  ?  85$  *  118198. 4h  .  ‘  - 

75$  llkm-U.  ..  *  ...  1  X.  .* 

50$  •  1037h6.Ul  >  .  -V.  $ 

25$  .  •  7U038.ua  ;  ;-v, -•  ,  / 

These  figures  were  summed  and  divided  by  the  number. of  items  per 
total  (=2ii)»  living  a  Sum  of  ^squares  eqtial  to  22625.9100.  The 
~ — '  variance  of  5.03  gas  obtained  by  dividim  the  variability  by  the  /. 
degrees  of  freedom.  * 

(8)  Between  Steels 


:..Ct 


v^“, 


The: numbers  iii  rows  of  subdivisions  were  totaled  and  the  totals 
squared.  Following  are/ the  totals  ’squared  for  the  five  rows:  . 


-  • 


A 

B 

u 


F 


.  7781*1.00  * 

-  80089.00  ' 
731*1*1.00 
751*05.16 
72576*36: - 


£  ■  [  ■.! 


69379.56 


■1 


>bers  divided  by  the  no,.'  of  mcasure.nents  per 
j  of  sqVfareS'jfor  stgels.i*  The  difference, 

,he‘ sum  of  squares  on  division  by  the, decree 
i  variance  of  2-L7.  '  ,  d  ■  ■'  ( 


r.«‘  total  of  these  n 
iot  i-1  (=2C)  -is  the  s’ 
bet. vern  item  (2)  and 
of  freXion-  (5)  -’ives 


ntor/.fti 


Th^Mbtriabilitv  for  interaction  was  obtained  by  subtracting. 
ylr*afc£litr.  of  Mbetdeeri  steels"  jand  . between .detonators  from  the 
vyriibrrity  of  subclasses*  Variance  ivas  obtained  by  dividing 
var'iab Hit}/  bv  derrees  of 'freedom.  .  *  i. 


i thin  subclasses 


Variance  in  ithis  catepory • 'recrements  deviation  diie  to  errdr..  -jit «•  . 

is  used  in  the  d.encmirator  of  thSar^ri^nce  ratios- for  calculation  ^ 
of  F*.  It  if  calculated  from  the  rerdtiohv  ' 


Total  variability  =  variability  of  subcla'sc  +*  variability  within 
—  -  •  \  subclass  ;  j 


Variability  within  subclass  -  362,f)92  -  2S.6.-33  =  123 
■tatio  .of  Variances,  F.  .  c 


F  is  the  ratio  variance  for  steel,  detonator,  and  interaction 
variance  for  the  esti.aate$  error.  •  ■  ‘  •  r 


